The interplay between collective and single-particle degrees of freedom is an important structure aspect to study. The nuclei in the A ≈ 180 mass region are often denoted as good examples to study such problems because these nuclei are known to exhibit many rotational bands based on multi-quasiparticle K isomers. Purpose: A large set of high-quality experimental data on high-K isomeric states in the A ≈ 180 mass region has accumulated. A systematic description of them is a theoretical challenge as it requires a method going beyond the usual mean field with multi-quasiparticle configurations built in the shell-model basis. The K-isomer data provide an ideal testing ground for theoretical models.
I. INTRODUCTION
Nuclear isomers [1] [2] [3] are excited, metastable quantummechanical states of nuclei. The decay of an isomeric state to lower energy states is somehow hindered, and therefore they have longer half-lives than usual excited states. In the A ∼ 180 mass region (e.g., some Hf and W isotopes) where the nuclei are well deformed and axially symmetric, the Fermi surfaces (both neutron and proton) are based on Nilsson orbitals with large-angular-momentum projections (K) on the symmetry axis [4] . Two or more states with high K quantum numbers can couple to form a high-K multi-quasiparticle (multi-qp) configuration. The selection rules of electromagnetic decay hinder transitions from a high-K state to normal (low-K) states, resulting in a long-lived K isomer [1] . Understanding nuclear isomeric states is one of the current topics in nuclear structure physics [5] [6] [7] . The current experiments are able to find evidence for six-or eight-qp isomers (see, for example, Refs. [8, 9] ), and discoveries of more high-K isomers are expected from modern facilities such as storage rings [10] . These data provide us with valuable information on the interplay between the single-particle states and collective nuclear motion in deformed potentials.
Another potentially important but much-less-explored research field is isomeric states in nuclear astrophysics, which are expected, for some special cases, to play key roles in the determination of element production in the universe [11, 12] . The interest is to understand the structure of the excited isomers as well as the intermediate states through which the isomers can be excited or deexcited, when these states are in a thermal bath of stellar temperatures. An acute example is 180 Ta m , the only naturally occurring nuclear isomer at an excitation energy of 75 keV but with a long mean life of > 1.2 × 10 15 y, which gives it a special place in nuclear-astrophysics investigations. The production and survival of 180 Ta in stars presents a nuclear astrophysics puzzle, and its stellar nucleosynthesis has been the subject of conjecture. It was shown that the study of isomer decay and the identification of the intermediate states [13, 14] could help in understanding the astrophysical questions.
K isomers have been studied in various methods, e.g., the cranked mean-field model or the tilted axis cranking model [15] [16] [17] [18] , the Wood Saxon quasiparticle random-phase approximation model and random-phase approximation method based on the sloping surface [19] , and the configuration-constrained nuclear potential energy calculations [20] . However, if one wants to describe K isomers and their associated rotational bands on an equal footing, then one has to go beyond the mean field and perform shell-model-like calculations. To study heavy, deformed nuclei, a practical way to build the model space is to start from a deformed single-particle basis and perform angular-momentum projection for the deformed qp states. Shell-model diagonalization with a two-body Hamiltonian is then carried out in the projected multi-qp space. This is the basic concept of the projected shell model (PSM) [21] , which has been extensively applied to nuclear structure studies. In practice, since the involved overlap matrix elements of multi-qp states are usually calculated with the generalized Wick's theorem [22] , one may encounter a practical problem of combinatorial complexity when more than four-qp states are included in the basis configurations, for example, as many as hundreds (thousands) of terms have to be considered to express each matrix element with a four-qp (six-qp) state. This limitation has recently been relaxed [23] with the help of the Pfaffian method, which we shall briefly mention in the next section.
In this paper, we investigate the microscopic structure of even-even 174−186 W isotopes using the extended projected shell model [23, 24] , which is an extended version of the original PSM [21] . The extension in the multi-qp configurations of the PSM by including up to 10-qp states [23, 24] provides a suitable framework to study high-K isomers and the associated rotational bands. The A ≈ 180 mass region is marked as a playground for well-deformed axial symmetric nuclei. In a simple picture, the ratio of the excitation energies of the first 4 + and 2 + states (E 4 + /E 2 + ) can be used to distinguish between an axially symmetric deformed rotor (E 4 + /E 2 + = 3.33), a spherical vibrational nucleus (E 4 + /E 2 + = 2.0), and a triaxial rotor (E 4 + /E 2 + = 2.5) [25] . The experimental data [26] for E 4 + /E 2 + of the W isotopes with N = 98 to 116 are summarized in Fig. 1 . It can be seen that for the N = 116 isotope, E 4 + /E 2 + approaches the triaxial limit. But for lower mass isotopes of 174−186 W (with N = 100 to 112), large deformation with axial symmetry is the main character.
The paper can be outlined as follows. In Sec. II, we briefly describe the theoretical formalism for the projected shell model used to obtain the nuclear many-body wave functions and other observables (e.g., energy levels, electromagnetic properties) for the considered isotopic chain. Section III contains our results. First, we discuss the quasiparticle configurations and band diagram for the nuclei. Subsequently, the energy bands including K isomers of various isotopes are discussed in detail. Then the behavior of the yrast structures are analyzed with moments of inertia. Last, we investigate the electromagnetic properties of yrast and K-isomeric bands. Finally, in Sec. IV, we summarize the important results.
FIG. 1. Experimental ratio of the first 4
+ and 2 + energies for W isotopic chain. Dashed horizontal lines are plotted at 3.33 and 2.5 for guidance, representing an axially deformed rotor and triaxial rotor, respectively .
II. FORMALISM
Most of the nuclei in the nuclear chart are deformed in their ground state. Therefore, it is more desirable to use the deformed mean-field solution as the starting basis, as the main parts of the correlations are taken into account in the deformed basis. Similarly to the conventional shell model, the PSM also works on the philosophy of the exact diagonalization of the effective many-body Hamiltonian. But unlike the shell model, PSM truncates the configuration space by selecting quasiparticle excitations efficiently [21] . To outline the PSM formalism briefly, at first the deformed quasiparticle basis is constructed with fixed deformation and axial symmetry through Nilsson-plus-BCS calculations. The basis truncation is done by taking multi-qp states near to the Fermi surfaces (both protons and neutrons). The choice of deformed mean-field basis essentially breaks the rotational symmetry in the many-body wave function. The broken symmetry is restored by performing angular-momentum projection (AMP). By means of AMP, one can obtain the sequence of good angular-momentum states which constitute the projected basis. Finally, the two-body Hamiltonian is exactly diagonalized in this projected basis.
The PSM wave function is a superposition of (angularmomentum) projected multi-qp states 
The main complexity in numerical calculations is to evaluate rotated matrix elements in the Hamiltonian and the norm
with the operator [ ] defined as [21] [
R in the above equation is the rotation operator [R( ) = e −iαJ z e −iβJ y e −iγ J z ] and the Euler angle. Since H κκ can be decomposed into terms expressed by the "linked" contraction and N κκ [21] , the main task then concentrates on treating efficiently the rotated matrix element of the norm. For the sake of convenience, we rewrite N κκ as the following explicit form:
which is usually evaluated [21, 28] by means of the generalized Wick's theorem. It was pointed out [29] that in applying the generalized Wick's theorem, a matrix element of Eq. (7) involving n and n qps, respectively on the left and right sides of [ ], contains (n + n − 1)!! terms. In practice, the number of terms becomes so large that it is very difficult to write down expressions explicitly for more than four-qp states. Recently, by means of fermion coherent states and the Grassmann integral, the Pfaffian formulas have been proposed [29] to calculate the rotated matrix element. The proposal was largely inspired by the initial introduction of the Pfaffian idea by Robledo [30] to treat the sign problem in calculations of the overlap of Hartree-Fock-Bogoliubov (HFB) wave-functions. It was realized later [31] [32] [33] [34] [35] that the method can be applied to evaluation of general HFB matrix elements. The new Pfaffian method has turned out to be a feasible and very efficient algorithm for calculations with projected multi-qp states. The first PSM calculations using the Pfaffian formulas have been published with examples of studying high-spin states [23, 24] . The PSM employs the Hamiltonian with separable forces:
whereĤ 0 is the spherical single-particle term including the spin-orbit force [36] and the rest is the quadrupole+pairing type of interactions, which contains three parts. The strength of the quadrupole-quadrupole term χ QQ is determined in a selfconsistent manner so that it is related to the deformation of the basis [21] . In the present work, the monopole-pairing strength is taken to be of the form
where "+" ("−") is for protons (neutrons), with G 1 = 21.24 and G 2 = 13.86 (both in MeV) being the coupling constants. The quadrupole-pairing strength G Q is taken, as usual [21] , to be 16% of G M for all the nuclei considered in this study.
III. RESULT AND DISCUSSION

A. Deformed basis, quasiparticle configurations, and band diagram
Microscopic descriptions for the rotational motion of a stably deformed nucleus involve coherent contributions from many nucleons. The yrast state is of particular interest because it carries valuable information of how the nucleons are organized in the lowest energy state for a given angular momentum and how the organization responds to the rotation. In the ground state of even-even nuclei, nucleons are coupled pairwise. The (angular-momentum) projected qp vacuum state, the first term in (2) , describes the rotational behavior of the ground band in a deformed nucleus. As the nucleus rotates, the Coriolis force, acting on the nucleon pairs in the intrinsic rotating frame, can break the pairs and thus destroy the nuclear superfluidity. A sudden increase in moment of inertia (MoI) at a given angular momentum is usually an indication of the pair breaking with the spins of the nucleons aligned along the axis of rotation. The projected two-qp configurations in (2) describe such spin-aligned states [37] . Mixing of the projected qp vacuum and projected two-qp states through diagonalization describes the interplay between the collective ground state and the spin-aligned ones. In this way, the experimentally observed changes in MoI in many well-deformed nuclei can be described microscopically.
For each W isotope, we assume an axially symmetric basis with prolate deformation and construct the deformed basis with quadrupole ε 2 and hexadecapole ε 4 deformation parameters, which are taken initially from the tables [38] as guidance and adjusted slightly, to generate a suitable basis. The parameters are listed in Table I , where the decreasing trend in ε 2 and increasing trend in ε 4 as the neutron number increases (see Ref. [38] ) are reflected. As we shall demonstrate, they are 064314-3 good starting bases for both the low-lying and high-spin states in which the rotational motion and qp excitations compete near the yrast line. Here a slight adjustment from the deformation parameters given in Ref. [38] is introduced because these deformation parameters are optimal for the ground state but may not be the best when many multi-qp bands are studied. We note that a conceptually advanced, but technically complicated, treatment is to include in the basis qp-configurations belonging to different deformations, as in the examples recently shown by Chen and Egido [39] . Pairing correlations are treated by BCS calculations. The pairing energy gaps are determined by the pairing force strengths (given at the end of Sec. II) and by the actual level distribution in the standard BCS calculation by solving the gap equation. In Table II , we show the resulting pairing-gap parameters for each isotope. It should be noted that the unperturbed bandhead energies of high-K isomeric states depend on the size of pairing gaps in the single-particle spectrum. As one can see from Table II , the calculated neutron pairing gaps become smaller as the neutron number goes up, so that one expects the occurrence of low-energy qp isomers in heavier isotopes (such as 184,186 W). We point out that the values in Table II are by 20-30% smaller than the even-odd mass differences calculated from the neutron and proton separation energies [40] , which is nevertheless necessary to reproduce those rather low excitation-energies of the multi-qp K-isomeric bands.
The calculation of multi-qp energies for the configurations in (2) gives us the information where these states lie relative to the ground state, so that one can identify those low-lying states in each configuration for the diagonalization procedure. Equivalently, this enables us to truncate the shell-model space under the physical guidance explained in Ref. [22] . Thus shell-model truncation is implemented simply by excluding the states with higher energies in each configuration. For the present calculation, the number of projected qp-states, i.e., the dimension of the summation in Eq. (1), is usually a few hundred. To give an example for the highest dimension involved in the present paper, the 174 W calculation uses energy cutoffs of 3. The (angular-momentum-projected) multi-qp configurations in PSM form a shell-model basis in which a twobody Hamiltonian is diagonalized. Each of these multi-qp configurations carries a total K quantum number as a sum of individual K from each qp state. Therefore, one can classify the observed states using the quantum number K, although the diagonalization would mix the multi-qp K configurations in a process known as K mixing.
The energy of a K band as a function of spin I is expressed as
The diagram representing variation of rotational energies of various bands with spin I is referred to as a band diagram [28] . As each lowest-lying band corresponds roughly to a set of observable energy levels of the same structure, one can discuss a band diagram and learn the main band structures even before diagonalization. The angular-momentum-projected energies for various qp configurations are shown in Fig. 2 for the W isotopic chain investigated in the present study. It is seen in Fig. 2 that for all the nuclei shown here, bands from different configurations cross with each other at different angular momenta. The physics behind these crossings is that some multi-qp bands that lie higher in energy when they begin to rotate can lower their energy and dive into the yrast region at higher angular momenta. In this way, they may cross several lower-order of multi-qp bands and eventually become the lowest at certain angular momentum and, therefore, are the most important components for the yrast band. As discussed in Ref. [37] , the crossing angle of the two crossing bands can have a consequence in the change of MoI. A large crossing angle corresponding to a sharp band crossing results in a large disturbance in MoI, while a small crossing angle corresponding to a gentle band crossing leads to a small or nondisturbance in MoI. In Fig. 2 , the general picture is that sharper crossings occur mainly at lower spins up to ∼20h. We thus expect significant changes in MoI will be seen before ∼20h. After that spin bands still cross with each other but with smaller crossing angles. Much denser band distributions are seen in the high-spin region in Fig. 2 , indicating complex mixings of different configurations. As a representative example, the dominant configurations that contribute to the yrast band at different spin intervals of 174 W are given in Table III .
B. Rotational behavior: Moments of inertia of the yrast bands
For a nucleus in its ground state, the paring force favors the like nucleons to form pairs and the system behaves like a superfluid. In rotating nuclei, the Coriolis force becomes stronger and tends to break the pairs and align the single particle angular momentum along the axis of rotation. The Coriolis force acts differently on different orbitals and depends on the the size of the single-particle angular momentum j of a nucleon under consideration, which is known as the Stephens-Simon effect [41] .
Structural changes along a band can be better understood with more sensitive plots of kinematical MoI, defined as well separated from the same parity orbitals and often denoted as pure-j states. Also the component states from higher-j orbitals do not Coriolis mix much with other-j states. Due to the rotational motion, the first pair breaking gives rise to a 2-quasineutron (based on i 13/2 ) band. The low and medium spin structures of these nuclei are mainly governed by the interplay of the ground band and the 2-quasineutron band. As the nucleus rotates faster, more higher-qp configurations come into play. In lighter-mass W isotopes, rapid increases in the MoI are observed around the spin range 10-16h. As shown in Fig. 2 , in the lighter mass nuclei, the crossing angle between the zero-qp configuration (i.e., ground band) and the two-qp configuration is larger. In other words, we can say that the interaction between the ground band and the s band is small and hence gives rise to a sharp increase in the MoI at the crossing.
C. Energy levels
Both positive-and negative-parity energy levels are obtained by diagonalizing the Hamiltonian (8) in the projected basis (2) . The calculated energy levels of even-even 174−186 W along with available experimental data are plotted in Figs. 4-10 
1.
W
The rotating nucleus 174 W exhibits axially prolate shape for a wide range of rotational frequencies [42, 43] . The yrast band has been established to 38h [44] . From Fig. 4 , we can see that the experimental yrast band is quite well reproduced with PSM calculations. This nucleus is also characterized by low-K and high-K bands up to highly excited states, 39h [44] . In particular, two high-K bands based on K = 8 and K = 12 isomeric states with half-lives of 158 ns and 128 ns have been observed [42] . From PSM analysis, we see that the K = 8 isomeric state has a two-qp structure with a dominant configuration of π 7/2
− is experimentally known up to 21h and well accounted in our PSM calculation ("sideband 1" in Fig. 4 ) except the bandhead energy is over estimated by about 200 keV. The K = 12 isomeric state has four-qp structure with the dominant configuration listed in Table IV, which is reasonably described by the calculation except for the highest spin states.
2.
176 W
The calculated energy levels along with experimental data are shown in Fig. 5 for 176 W. The experimental yrast band 
3.
178 W
The structure of N = 104 nuclei plays an important role as these nuclei are marked as the boundary between some vibrational modes and rotation-aligned excitations [51] . The macroscopic-microscopic calculations [38] show that in this region the maximum deformation occurs at N = 104 and Z = 66. In fact, 170 Dy represents the valence maximum (i.e., proton-neutron valence product N p N n ) in this region. However, the experimental results [52] do not support this idea. Recent theoretical calculation predicts a deformed shell closure at N = 100 [53] . This has also been experimentally verified recently [54] for Sm and Gd nuclei. This scenario may get changed if one moves towards the higher side of the rare-earth region. The quasiparticle alignment hypothesis is necessarily valid for the 178 W (N = 104) isotope. The PSM calculations assuming axial symmetry in the basis remain successful in describing the yrast and K-isomeric bands, as shown in Fig. 6 .
Apart from the yrast band, several multi-quasiparticle high-K bands are known in 178 W. Two 2-quasineutron bands ("sideband 1" and "sideband 2" in Fig. 6 [514] are reported in Ref. [49] . As one can see in Fig. 6 , both the bands including bandhead energies are well accounted for in PSM calculations up to known spin levels.
4.
W
A comparison of calculated results and experimental data for 180 W is illustrated in Fig. 7 with the suggested main configuration for each band listed in 178 Hf, the picture of two-proton/two-neutron mixing has been well established [60] . In order to finally assign the configuration of the K = 8 − isomer in 180 W, again g-factor measurements of this state are desired.
In Ref. [61] , the K = 8 + band that rotates with a titled axis (the so-called t band) was observed. This t band was calculated [62] by PSM and discussed as an interplay with the low-K bands that contribute to the yrast structure. In Fig. 7 , we also include the results for this K = 8 + band. As one can see, the position of the band is correctly reproduced, although the calculated level distribution is a bit more spread than the data.
For the four-qp K = 14 − isomer in 180 W, from experiment it was assigned ν7/2
as the dominant configuration [55] . In Fig. 7 , we show the calculated result for this configuration. While the calculation yields excellent agreement with the experimental level at 3.265 MeV [55] , we further predict a rotational based on it (sideband 5).
5.
W
Apart form the yrast band, several multi-quasiparticle high-K bands are experimentally known for the N = 108 isotope 182 W [56] [57] [58] . The yrast band is established up to I = 20h. In Fig. 8 , we compare our calculated results with experimental data. The suggested predominant quasiparticle structures of the high-K bands are given in Table VIII . The two-qp band with
− is known to have qusineutron structure with dominant configuration of ν1/2
. Interestingly, this band indicates a signature effect in the medium spin region. Our calculations ("sideband 1" in Fig. 8 ) can reproduce that effect but it is less prominent than the experimental one. The K = 10 + band was experimentally established up to I = 19h and suggested to have two-quasineutron structure. We obtain the predominant configuration as ν9/2
, which is consistent with the experimental suggestion. Since this band is based on two high-Ki 13/2 quasineutron orbitals, signature splitting is not observed for this band. This is a general feature for t bands as discussed by Frauendorf [65] .
The two four-qp bands with K π = 15 + and 17 − are experimentally known with bandhead energies less than 4.0 MeV. These bands become yrast at I > 16 [56] . We have qualitatively described these two bands. According to our calculation, the predominant configurations of these bands are ν7/ The energy levels for 184 W are depicted in Fig. 9 . The experimental yrast band is known up to 16h. Our calculation have reproduced the known yrast data very well and predicted the same band up to spin 28h with a good rotational structure. A two-qp K = Table IX) .
A similar situation occurs also for the experimentally known I π = 7 − state. Our PSM calculation tends to reassign the configuration of this state as π 5/2 Fig. 9 ). This differs from the previously suggested configuration ν3/2 − [512] ⊗ ν11/2 + [615] because our calculation for this neutron two-qp configuration lies much higher in energy (cal 1 of sideband 2 in Fig. 9 ).
Wheldon et al. [63] also observed a 188 ± 38-ns isomer at 3862 keV for the first time, but the spin parity as well as the quasiparticle structure of this state have remained uncertain. The PSM calculation suggests one possible four-qp configuration for this level as the K π = 18 − one with ν9/2 Table IX ). In fact, the calculated bandhead level of I π = 18 − matches well the experimental 3862-keV level. However, the calculation shows that there is another I π = 17 − level also very close to the observed level. This has the four-qp configuration ν9/2
. At present, it is difficult to assert which of the four-qp configurations should be assigned to the experimental level. However, our calculation shows a clear difference in MoI between the two possible configurations. From Fig. 9 , it is obvious that the band starting from I π = 18 − has smaller energy intervals, corresponding to a larger MoI. Thus further experimental measurement is necessary in order to correctly ascribe its structure.
7.
W
The experimental information on 186 W is presently rather limited. As shown in Fig. 10 reproduced the known yrast data up to I = 14h and predicted the high-spin part. A K = 2 − band is known, although only a few low-lying states were experimentally identified for this band. Our PSM calculation overestimates the bandhead energy by about 350 keV. We suggest that this band has a dominant configuration of ν7/2 Table X ). A K = 7 − isomeric state is also known. Our calculations have found a two-quasiproton band with dominant configuration
, which correctly reproduces the two known levels of 7 − and 8 − . We further predict the highspin part of this band shown in Fig. 10 .
In 186 W, there is an experimentally known long-lived isomer at 3.543 MeV, tentatively assigned as 16 + for spin/parity. We obtain from our calculation a 16 + band at somewhat higher excitation and predict a rotational band based on it (sideband 3 in Fig. 10 ). We suggest that this band has a configuration ν7/2 Table X ).
D. Electromagnetic properties of the yrast and K -isomer bands
The electric quadrupole transition probability carries useful structure information related to shape when the nucleus rotates. While this quantity usually describes collective properties of the system, it is also sensitive to structure changes in the wave function, particularly when band crossings occur. In the B(E2) calculations, we have used effective charges (e eff ) of 1.5e for protons and 0.5e for neutrons, which are the standard values used in PSM calculations [21] . On the other hand, the magnetic dipole transition probability B(M1) and g-factor are known to be sensitive probes of any variation of single-particle structures in the wave function. In particular, these quantities distinguish the proton or neutron contributions to the wave function as their orbital part of the operators has contributions only from protons and their spin operators carry opposite signs due to
Here g π s and g ν s are damped by the usual 0.75 factor from the free-nucleon values to account for the core-polarization and meson-exchange current corrections [67] . The same quenching value is used for all B(M1) and g-factor calculations in the present study. The formulas for B(E2), B(M1), and g-factor calculation in the PSM framework can be found in the early PSM works, for example, in Refs. [68, 69] .
B(E2) and g-factor of the yrast bands
In Fig. 11 , the calculated B(E2)'s for the yrast band of even-even 174−186 W are depicted and compared with available experimental data. The theoretical results indicate an overall trend of the B(E2)'s as a function of spin, in which one sees a smooth increase at low spins and near constant values at high spins. In the middle spin range, a disturbance occurs for the three lighter isotopes ( 174,176,178 W) where a sudden drop in B(E2) is seen. The available experimental data seem to support this overall behavior, although the theoretical calculation deviates from some variation details seen in the data. In Fig. 11(a) , for example, the theoretical B(E2) values show a later drop in the middle spin range compared to experiment. Nevertheless, this variation can be understood as corresponding to the structural changes in the yrast wave functions because of band crossings as seen in Fig. 2(a) The calculated g-factors for the yrast bands are illustrated in Fig. 12 for all the W isotopes studied here. The theoretical results are presented separately for the proton and neutron 064314-12 contributions, and the sums of them (illustrated in Fig. 12 as "Yrast total") are to be compared with the data. As discussed earlier, structural changes near band crossings along the yrast line are clearly demonstrated here through the variation of g-factors. This can be seen in the spin range I = 12-18h as a general decreasing trend of the total g-factors due to the enhanced neutron single-particle components in the wave functions. The increasing trend of g-factors after I = 18h is attributed to the contribution of the proton single particles in the wave functions because after that spin, four-qp and higherqp states with one or more proton pairs in the configurations are the major components (see Table III ). The experimental values are not known for the lighter-mass nuclei ( 174,176,178 W). The comparison with the known g-factor data indicates that the calculated results (red dots) slightly underestimate the data. The same problem was found earlier in Ref. [70] . Modifications in the damping factor in Eq. (10) can certainly improve the agreement but we prefer to keep using the standard values.
B(E2), B(M1), and g-factor of the K-isomer bands
In Ref. [ Fig. 5 ). This is a valuable piece of information to be used to test theoretical models because the configuration includes four single nucleons residing in four high-K orbitals (see Table V ). On the basis that our PSM calculation already obtained good results for the energy levels of this nucleus (Fig. 5) , we calculate the B(M1)/B(E2) ratios for this four-qp 14 + band, with the results compared with the data in Fig. 13 . The calculation can be said to be satisfactory because the overall variation trend is reproduced correctly although the theoretical values are 2-3 times too large when compared to the data. This discrepancy comes mainly from the B(M1) calculation as the B(E2) calculation can usually yield correct results, as already seen in Fig. 11 .
There has been accumulated B(E2) and B(M1) data from decays of the isomeric states in this mass region. The understanding of these data is important for the study of the K-selection rule and its violation. A systematic description of these data is a theoretical challenge. In Table XI , we present our calculations for those isomer decays where data exist and compare our theoretical results with the available experimental data. The calculation includes the allowed transitions that involve the initial and final states with similar K quantum numbers and also those K-forbidden transitions for which the 2.11×10 In all the cases where large deviations occur, we find that the calculated transition rates are always too small as compared to data. This reveals that K mixing in the model may not be strong enough to yield sufficiently large isomer decay rates. Specific effects beyond the present model may need to be considered. In Ref. [71] , it was demonstrated that the K-forbidden transition from the 6 + two-qp isomer to the ground-state band is sensitive to mixing with the 6 + state of the γ -vibrational band, which could be accounted for when a triaxial deformed single-particle basis with threedimensional angular-momentum projection is employed in the model.
Finally, it is interesting to discuss g-factors of the isomeric states, which are unique quantities to reflect single-particle compositions in multi-qp high-K configurations. In Table XII , we summarize the calculated g-factors of all the K-isomeric states that have been studied in the previous sections. For these isomers, we know their lifetime experimentally but not their structure. We list the proposed configurations and give comparison of the bandhead energies of these K isomers with their known experimental values. Most of the g-factors are our predictions which can be useful for future experiments to look for. It is very much desired to see if some of the predicted isomeric g-factors can be measured.
In Table XII + isomer in 178 W, we predict its g-factor to be 0.43, a moderate value presumably coming from the combined contribution of the four individual proton and the four individual neutron orbitals.
For several of the observed high-K structures, g-factors could also be obtained from in-band γ -ray branching ratios, albeit requiring additional assumptions. A systematic analysis of this kind will be the subject of future work.
IV. SUMMARY AND CONCLUSIONS
Modern experimental facilities with large γ -ray detector arrays with unprecedented sensitivity and resolution provide 064314-15 
